I. INTRODUCTION
Today's modern aircraft platforms are equipped with various systems having similar RF characteristics and many antennas operating at the same time in overlapping frequency bands. In such a case; there is a potential risk of electromagnetic interference (EMI) between the communication systems of aircraft platforms because of antenna-to-antenna coupling. EMI may degrade the operational performance of the communication systems. In order to ensure electromagnetic compatibility (EMC) within the aircraft, one of the important steps followed in the stage of integration of communication systems, before appealing filtering, blanking and etc., is determining an optimal antenna placement yielding minimum coupling between antennas.
Antenna-to-antenna coupling can be calculated by various electromagnetic analysis tools easily. In spite of this simplicity, the geometrical structures of aircraft platforms change and become more complex gradually, which make it difficult to determine an optimal antenna placement by trial and error or based on past experiences. For this reason, determining the optimal antenna placement can be considered as an "optimization problem" and this problem can be solved by global optimization techniques effectively.
II. GAO AND PSO TECHNIQUES
GAO and PSO techniques are preferable when the objective function is complex (not easily differentiable and/or having multiple extreme points) and pre-estimation of initial solution cannot be easily made over a wide search space [2] . These techniques seek for the "best" solution to a problem among all possible good solutions. They follow population-based search strategy. Therefore, they start searching by generating an initial population rather than a single solution as in the case of local optimization [3] . Then, they iteratively generate new populations by making use of the fitness values of the elements of previous populations. Elements of the populations are generated not only within the neighborhood of the previous solution, but also among whole search space. At each iteration, elements of the population move toward more optimal solutions and optimization stops when a stopping criterion is achieved [4] .
In electromagnetics, GAO and PSO are mostly used for the optimization of antenna, antenna array and RF component design, and optimization of radar cross section problems. Besides, there are studies in which GAO is also used for the optimization of antenna placement [5] , [6] , [7] . On the other hand, there is no considerable study in the literature in which the PSO is used for the optimization of antenna placement.
III. SIMULATION TOOL
In this study Transient Solver of CST -MWS is used. Main advantage of this solver is that the entire broadband frequency behavior of the simulated problem can be obtained from only one calculation run. By this way total simulation time is reduced significantly [8] .
Transient Solver of CST -MWS is based on Finite Integration Technique developed by Weiland [9] . This numerical method provides a universal spatial discretization scheme for Maxwell's equations in their "integral form". In order to solve these equations for the unknown electric and magnetic parameters numerically, a finite calculation domain (with boundary conditions) enclosing the problem space is defined and divided into orthogonal hexahedral grid cells. After that, Maxwell's equations in their integral form are discretized spatially for each of the hexahedral cells. For the whole problem space, discretized Maxwell's equations are arranged together and written in matrix form. Finally, this matrix is solved for the unknown electric and magnetic parameters according to boundary conditions. In the light of these solved parameters coupling between two antennas and far-field radiation pattern of an antenna can be calculated.
IV. MODELING OF AIRCRAFT PLATFORM AND ITS ANTENNAS
• Aircraft is modeled by primitive geometric structures in order to reduce simulation complexity and time, based on the real physical dimensions and geometrical structure of F-4 Phantom Aircraft.
• VHF antennas are modeled as PEC, λ/4 monopole antennas operating in 30 -88 MHz frequency band. They have length of 1 m and radius of 0.625 cm.
• Problem space in which the aircraft and its antennas are modeled, is divided into about 300,000 hexahedral grid cells having smallest and largest side length of about 1.25 cm and 30 cm respectively. Search spaces of two VHF antennas are defined on the centerlines of upper and lower fuselages and antennas are oriented with an angular separation of 180°, ensuring minimum coupling between antennas, as specified in [10] , before optimization process. The search space of VHF upper antenna is defined on the centerline of upper fuselage between x = 0 m and x = 9 m. Similarly, the search space of VHF lower antenna is defined on the centerline of lower fuselage between x = 7 m and x = 14.5 m (Fig. 1 ).
VI. OPTIMIZATION OF ANTENNA PLACEMENTS
Optimizations of antenna placements on aircraft are performed by using optimization toolbox of CST -MWS. At each simulation, placements of the antennas are changed among their search spaces according to the search strategy of optimization algorithm used. For each placement, "coordinates of the antennas" are regarded as a potential solution to the optimization problem. Moreover; for each of the placements, the coupling between antennas is calculated for whole frequency band of operation of the antennas (30-88 MHz). After that, the coupling between antennas is "averaged" over whole frequency band of operation and this "average coupling value" is considered as the "fitness value" of that antenna placement. By averaging the coupling over the whole frequency band of operation of the antennas, contribution of the coupling at each frequency in that band is taken into account in the optimizations.
A. Optimization of Antenna Placements by GAO
• The coordinates of both antennas on the x -axis are defined as variables. The number of variables is 2.
• Number of chromosomes in the population is defined as 40.
• Two different random creation functions which are based on uniform random distribution (URD) and Latin hypercube distribution (LHD) are used for the generation of the initial population of chromosomes.
• Maximum number of iterations is defined as 30.
• Total number of simulations is calculated by multiplying "the number of chromosomes in the population" and "the maximum number of iterations". However; according to selection strategy (elitism) of the algorithm used, half of the population which is composed of the fittest individuals is "directly transferred" to the next generation as parents. Therefore, total number of simulations becomes (40/2) x (30+1) = 620 instead of 40 x 30 = 1200.
• For each population generated by two different distribution techniques, three different optimization runs with mutation rates of 60 %, 30 % and 1 % are operated. Therefore, six different antenna placements are determined by six optimization runs having different optimization parameters.
Coordinates of VHF antennas on the aircraft and final average coupling values between them obtained by GAO are given in Table I . During these six different optimization runs; "minimum", "maximum" and "population average" of the average coupling values (fitness values) of all individuals generated "at each iteration" are calculated in order to monitor the progresses and performances of the these optimization runs. Two of the graphs of progress of optimization runs are given in Figures 2 and 3 as examples. As a result: • For all of the six antenna placements in Table I, final average coupling (fitness) values and coordinates of the antennas are very close to each other.
• As it is seen in Figure 2 and Figure 3 , population average of the fitness values and minimum fitness values decrease as the iteration number increases. This downward trend in the population average of the fitness values may be thought as a marker of achievement of the global optimum [11] .
• It is important to note that, in the optimization run with mutation rates of 60 % (Fig. 2) , the population average of the fitness values and the maximum fitness values fluctuate through the iterations. Because of these fluctuations, the difference between the minimum and the maximum fitness value curves reaches up to 20 dB. The reason for these fluctuations is the high "diversity" in the population because of high mutation rates. These fluctuations and the difference between the minimum and the maximum fitness value curves become smaller as the mutation rate decreases (Fig. 3 ).
• Each of the genetic algorithm optimization runs, namely 620 simulations, last for about 26 hours (about 1 day) with a machine having 4 GB random access memory and 2.53 GHz Intel ® Core TM 2 Duo central processor unit.
B. Optimization of Antenna Placements by PSO
• Similar to the GAO case, the number of variables is 2.
• Number of particles in the swarm is defined as 40.
• URD and LHD techniques are used for the generation of the initial swarm.
• Total number of simulations is 40 x 30 = 1200.
Coordinates of VHF antennas on the aircraft and final average coupling values between them obtained by PSO are given in Table II.   TABLE II  ANTENNA Similar to GAO case, at each optimization run; "minimum", "maximum" and "swarm average" of the average coupling (fitness) values of all swarm members generated "at each iteration" are calculated and an example graph showing progress of optimization runs is given in As a result: • For both of the antenna placements in Table II, final average coupling (fitness) values and coordinates of antennas are very close to each other.
• As it is seen in Figure 4 , swarm average of the fitness values and minimum fitness values decrease as the iteration number increases. This downward trend in the swarm average of the fitness values may be thought as a marker of tendency of the whole swarm towards the global optimum [10] .
• The fluctuations in the swarm average of the fitness values and the maximum fitness values are very small in contrast to the fluctuations in the genetic algorithm optimization runs with mutation rates of 60 %. Moreover, the difference between the minimum and the maximum fitness values are smaller when compared with the differences in the genetic algorithm optimization runs with mutation rates of 60 % and 30 %. Since there is no mutation operator in particle swarm optimization, these fluctuations and the difference between the curves resemble the fluctuations and the differences in the GAO runs with mutation rate of 1 %. • Each of the particle swarm optimization runs, namely 1200 simulations, last for about 50 hours (about 2 days) with a machine having 4 GB random access memory and 2.53 GHz Intel ® Core TM 2 Duo central processor unit.
VII. FAR FIELD RADIATION PERFORMANCE OF ANTENNAS
The optimal antenna placement yielding minimum average coupling between the antennas is determined by GAO with the initial population generated by LHD technique and with a mutation rate of 60 %. To determine the radiation performances of these antennas on the upper and lower hemispheres, directivities of them are compared with the directivities of a monopole antenna on an infinite ground plane having the same electrical and physical properties with aircraft antennas as follows:
• Directivities of the antennas and a monopole antenna on an infinite ground plane are calculated for (30 -80 MHz).
• At distinct frequencies, "the ranges of azimuth and elevation angles ( φ and θ)" in where the directivity of the monopole antenna on an infinite ground plane is greater than 0 dBi, are determined (Fig. 5 ).
• Directivity of each aircraft antenna is examined within frequencies and the angular ranges mentioned in the bullet above (Fig. 6) . If minimum of 50 % of directivity values of the aircraft antenna within these ranges is greater than 0 dBi, then that antenna is assumed to have "sufficient coverage", i.e., that antenna radiates/receives sufficiently (Table III) . VIII. CONCLUSIONS The general conclusions drawn from this work are summarized as follows:
• Optimal antenna placements yielding minimum average coupling between the antennas of two VHF radios on an aircraft platform are determined by genetic algorithm optimization and particle swarm optimization techniques.
• Optimal antenna placements and resultant average coupling values determined by two different optimization techniques are found to be very close to each other. The results and performances of two global optimization techniques are given in detail and compared with each other.
• Single optimization run by GAO lasts for about one day and single optimization run by PSO lasts for about two days. Both time spans are "real-time" values and are found to be tolerable.
• Far-field radiation pattern performances of the antennas at their optimal places are analyzed in terms of directivity and coverage. As a result, radiation performances (coverage) of the antennas are found to be sufficient.
